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During the first year of this project we focused on several areas:

1.

3.

Analytic work in preparation for new Riemann solvers for the multispecies,
semirelativistic MHD equations,

Investigations of various implementation techniques of general resistivity
models in high-performance, adaptive MHD codes, and

Implementation and application of a multispecies MHD technique.

Significant progress has been accomplished in all three areas. Below we summarize
our main accomplishments in more detail.

1.

We analyzed the conservative formulation of the multispecies, semirelavistic,
resistive and Hall MHD equations and derived the eigensystem of the
equations in various approximations. In general, the system is very
complicated and can only be evaluated numerically. Particularly challenging is
the determination of regions where the system is hyperbolic (all eigenvalues
are real). These eigenvalues play a fundamental role in constructing
approximate Riemann solvers. In turn, the Riemann solvers are at the heart
of upwind, high-resolution numerical schemes that are the foundation of
modern, high-performance numerical codes. Significant progress has been
made in this area and next year we will start implementing several
approximate Riemann solvers.

We investigated several general implementations of resistivity effects in
conservative, adaptive and massively parallel MHD codes. It turns out that
there some subtle theoretical issues that needs to be addressed for accurate
and robust resistive methods. After making a number of false starts and
mistakes, we finally worked out a new formalism that ensures conservation of
mass, momentum, energy and magnetic flux even for complicated, time-
dependent resistivity models. The method has been implemented in the
BATS-R-US parallel adaptive MHD code as well as in the Space Weather
Modeling Framework (SWMF). The application of this new technique resulted
in several science publications and presentations.

We developed a new, conservative method to solve the multispecies MHD
equations and implemented the method in BATS-R-US and SWMF. The
method has been applied to Saturn and Mars, two high priority target of
NASA. The new method has been used to accomplish new scientific results
that were published in peer-reviewed journals and presented at national and
international conferences. It should be noted that one of the publications was
in Science, the most prestigious peer reviewed journal.
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